The porcine immunoglobulins M (IgM), A (IgA), and G (IgG) were isolated and purified and some of the properties of the porcine milk IgA were examined. Monospecific antisera which were prepared against these immunoglobulins in rabbits were then used to absorb a particular class of immunoglobulin from sow serum, colostrum, and milk in an attempt to identify the immunoglobulin classes of neutralizing antibodies to the porcine enteric virus, transmissible gastroenteritis (TGE). The results of these absorption studies suggest that in colostrum and milk from sows experimentally (orally) or naturally infected with live virulent TGE virus, IgA is the predominant immunoglobulin class of TGE antibodies. Both IgA and IgG TGE antibodies appeared to be present in the serum from these sows, but with IgG TGE antibodies predominating. In contrast, in the serum, colostrum and milk from sows vaccinated intramuscularly or intramammarily with live attenuated TGE virus, the TGE antibody activity was associated mainly with the IgG class of immunoglobulins. These results provide additional data indicating that the route of infection or vaccination markedly influences the immunoglobulin class of antibodies in colostrum and milk. Secondly, IgA antibodies in mammary secretions are probably essential for providing optimal passive immunity of nursing pigs against infection with TGE virus.
The absence of the transplacental passage of maternal antibodies in the pig has been reported in studies by Sterzl et al. (23) and Kim, Bradley, and Watson (10) . Sow mammary secretions are therefore the sole source of passively acquired antibodies to the newborn piglets. Because it is during this period that piglets are most susceptible to infection with the transmissible gastroenteritis (TGE) virus, neutralizing antibodies transmitted in the milk and colostrum are of primary significance for passive immunity so as to provide protection to the epithelial cells of the small intestine (8, 9) .
The results reported in our previous papers (la, 2) based on G-200 gel filtration studies have indicated that TGE antibodies in milk from vaccinated sows were associated mainly with second 1 peak fractions which contained predominantly immunoglobulin G (IgG), whereas in milk from infected sows they appeared mainly in fiist peak fractions where immunoglobulin A (IgA) was most concentrated. Moreover, piglets from infected sows were better protected against challenge than piglets from vaccinated sows. The importance of the IgA secretory antibody system in humans in the protection of mucous membranes has been demonstrated in a number of studies (5, 22, 27) and secretory IgA has been shown to possess neutralizing-antibody activity to a number of respiratory and enteric viruses (5, 14, 22, 27) . The protective role of secretory IgA in alimentary immunity against poliovirus has been reported in studies by Ogra (14, 15) .
The isolation of IgA from porcine serum and secretions has only recently been reported (3, 17, of Escherichia coli were predominantly associated with IgA. This study was undertaken to isolate the porcine immunoglobulins IgM, IgA, and IgG and to identify the immunoglobulin classes of TGE antibodies in the serum, colostrum, and milk from vaccinated and infected sows. Some of the properties of the isolated porcine milk IgA are described, including its significance as neutralizing antibody in passive immunity to TGE.
MATERIALS AND METHODS
Experimental animals. The TGE viral preparations and the methods employed in the infection, vaccination, and challenge. of swine were described in the preceding report (la).
Infection with live TGE virus. The pregnant sows, 255 and 83-1, were naturally infected with TGE virus. An Double immunodiffusion using 1% Noble agar (Difco) in 1% NaCl with 1:10,000 merthiolate was performed by the micromodification of Ouchterlony's method described by Wadsworth (26) .
Protein concentrations. The concentrations of solutions of purified porcine immunolobulins were determined using the extinction coefficients for porcine IgA, IgM, and IgG reported by Curtis and Bourne (7) at 280 nm.
Sucrose density gradient ultracentrifugation. A modification of the method described by Martin and Ames (12) Absorption of colostral and milk whey samples with heavy chain-specific antisera. Representative porcine colostral and milk whey and serum samples were collected from vaccinated and infected sows. These milk and colostral samples were diluted (1:4 to 1:20, respectively) and then absorbed with monospecific rabbit anti-porcine IgA, anti-IgM, or anti-IgG to remove the corresponding class of immunoglobulin. Onemilliliter samples of diluted whey secretions were mixed with the specific antiserum and then incubated, first at 37 C for 30 min and then at 4 C for 24 to 48 hr. Controls incubated in the same manner contained 1 ml of the diluted whey sample and saline instead of antiserum. Precipitates which formed in the tubes containing the whey and antiserum were removed by centrifugation. The same procedures were repeated on the supernatants until all of the particular class of immunoglobulin was precipitated by the specific antiserum. Removal of an immunoglobulin class was considered to be complete when the sample no longer showed a line of precipitation on immunodiffusion against the specific antiserum. However, as shown by immunodiffusion using specific antisera, the nonhomologous classes of immunoglobulins were still present in the samples following absorption. As a further control, a sample of purified porcine milk IgA, which had a TGE-neutralizing antibody titer of 74 was absorbed with monospecific anti-IgG to determine the possible significance of nonspecific precipitation of immunoglobulins from the samples. However, no significant reduction in antibody titer was observed after absorption with anti-IgG.
After absorption, samples were filtered through 0.45 lMm membrane filters and subsequently tested in the virus neutralization test. Virus neutralization titers were expressed in terms of the final dilutions of the absorbed samples and saline controls. Differences in titers between the absorbed samples and saline controls of less than twofold were not considered significant. All immunoglobulin antisera used for absorption were first tested for TGE virus-neutralizing activity and were found to be negative.
RESULTS
Gel filtration of porcine whey and serum. When porcine colostral and milk whey were filtered on Sephadex G-200, four peaks were observed as was shown in Fig. 1 for milk whey collected late in lactation.
Immunoglobulins were identified in the various pooled and concentrated fractions by immunodiffusion and immunoelectrophoresis using monospecific antisera. IgM was generally detected in fractions throughout the first peak, but was most concentrated in fractions from the ascending portion of the first peak. IgA was eluted in fractions throughout the first peak, often as a shoulder on the first peak, and sometimes was also detected in the second peak fractions. It appeared to be most concentrated in fractions from the apex and descending portions of the first peak. IgG was detected in second peak fractions, in colostral whey, and often in first peak fractions as well. The third peak fractions contained mainly albumin. The milk-specific proteins (they did not cross-react with anti-porcine serum) which were 5-E 0 co 04 eluted in fourth peak fractions were possibly alpha lactalbumin and beta lactoglobulin.
As reported by others, IgG, which is the predominant immunoglobulin in colostrum, decreases approximately 30-fold during the first week of lactation whereas the concentration of IgA decreases only two-to threefold, becoming the predominant immunoglobulin in porcine milk (7, 17) . These findings were suggested in this study by the changes observed in the G-200 elution profiles of colostrum and milk. The second peak which contains predominantly IgG was the major peak eluted from colostral whey and the minor peak eluted from late milk whey (Fig. 1) . In all the 4-to 5-DPF milk whey samples studied, the first peak (which contains IgA and IgM) was the major protein peak eluted from G-200.
In this paper, only the first two peaks are shown in most of the G-200 chromatograms of porcine whey since the immunoglobulins and TGE antibody activity were detected only in these fractions.
Gel filtration of porcine serum on Sephadex G-200 resulted in the appearance of three protein peaks. Using immunodiffusion and immunoelectrophoresis, IgM was detected throughout the first peak fractions. IgA was generally present in fractions from the descending portion of the first peak and the ascending and top portion of the second peak. IgG was detected throughout the second peak and also sometimes in first peak fractions. Third peak fractions contained albumin and other serum proteins.
Purity and identification of isolated porcine immunoglobulins. When porcine IgM, IgA, and IgG (concentration of 5 to 12 mg of protein/ml) were tested by immunodiffusion and immunoelectrophoresis against rabbit anti-porcine serum and anti-colostral whey, single precipitin arcs were observed with each immunoglobulin preparation. On immunoelectrophoresis the porcine IgA and IgM migrated in the B2 position and the IgG in the gamma position. Rabbit antisera prepared against each purified porcine immunoglobulin were adsorbed to remove antilight chain reactivity as described, and then examined for heavy chain specificity by immunodiffusion and immunoelectrophoresis. As shown in Fig. 3 The porcine milk IgA isolated in this study was further characterized by Ouchterlony analysis to determine its relationship to porcine serum IgA. As shown in Fig. 4 , the purified porcine milk IgA, colostral, and milk whey lines spurred over the porcine serum line when tested against antimilk IgA, indicating the presence of additional antigenic determinants on the colostral and milk IgA. When examined by sucrose density ultracentrifugation, one preparation of milk IgA showed a single symmetrical peak with a sedimentation coefficient of 11.0 S. A second IgA preparation showed a peak sedimentation coefficient of 11.0 S with a shoulder which had a sedimentation coefficient of 9.55 S. Porcine IgG sedimented as a single peak with a sedimentation coefficient of 6.5 S.
Changes in TGE antibody titers after absorption In G-200 fractionated colostrum and milk whey from naturally or experimentally infected sows, the TGE antibody titers were highest in fractions from the apex and descending portions of the first peak, where IgA is most concentrated. Antibody activity was absent or low in second peak fractions where IgG is most concentrated. These results are illustrated by the G-200 chromatograms shown for colostral and 5-DPF milk whey from a naturally infected sow, 255 (Fig. 5) . Similar results were seen after gel filtration of milk or colostral whey from experimentally infected sows (la). When serum from experimentally or naturally infected sows was filtered on G-200, TGE antibody activity was highest in fractions from the ascending portion and top of the second peak, where both IgG and IgA were detected by immunodiffusion. This finding is illustrated by the G-200 chromatogram of serum from sow 76-10 shown in Fig. 6 .
To confirm the immunoglobulin classes of TGE antibodies suggested by these observations, samples were absorbed with heavy chain-specific antisera to remove a particular class of immunoglobulin. The virus neutralization titers of these absorbed samples and saline controls are summarized in Table 1 . When colostral whey from the infected sow 255 was absorbed with anti-IgA, the TGE antibody titer was decreased at least 70-fold (to the limit of the dilution factor) compared to the control. However, absorption of this antibody titers from about seven-to twofold. When these samples were absorbed with antiIgG, two-to threefold reductions in antibody titers were observed. This suggests the association of antibody activity with both IgG and IgA, but predominantly with the latter in these colostral samples. Absorption of 4-to 5-DPF milk whey samples from these sows (255, 107, and 76-10) with anti-IgA resulted in 72-to 6-fold decreases in antibody titers, all of which were reduced to the level of the final dilution factors. This significant reduction in antibody activity after absorption with anti-IgA is in good agreement with the observation that absorption with anti-IgG or anti-IgM produced little or no change in the antibody titers of these samples. As expected, similar results were seen when a G-200 milk whey fraction (sow 255, G-200 Fr. 4, Fig. 5 Fig. 7 . Also shown in this figure is the G-200 elution curve of 29-DPF milk whey which was collected 26 days after the exposure of this sow's piglets to TGE virus. Whereas TGE antibody activity was highest in second peak fractions from colostral whey and 4-DPF milk whey, in the 29-DPF milk whey, the antibody activity was highest in fractions from the descending portion of the first peak. Similar results, with the primary localization of the TGE antibody activity in second peak fractions, were observed after gel chromatography of serum from im or imm vaccinated sows. This is exemplified by the G-200 elution curve of serum from the imm vaccinated sow 5-1 (Fig. 6) . Gel the highest antibody titers in second peak fractions (la).
The results of absorption studies of samples from these sows are also summarized in Table 1 . In all cases, absorption of colostral whey, 4-to 7-DPF milk and serum samples from vaccinated sows (74-1, 5-1, and 179) with anti-IgG resulted in significant reductions in antibody titers ranging from 15-to 12-fold decreases compared to the controls. In all the samples from vaccinated sows, except colostral whey from sow 179 and 4-DPF milk whey from the imm vaccinated sows 5-1 and 179, absorption with anti-IgG reduced the titer to the limit of the final dilution factor. When the samples from sows 74-1, 5-1, and 179 were absorbed with anti-IgA or anti-IgM (sow 5-1), no significant reductions in antibody titers occurred compared with the controls. Similarly, when a G-200 colostral whey fraction (Fig. 7a 
DISCUSSION
The porcine immunoglobulins, IgG, IgA, and IgM isolated in this study had properties similar to those described in the literature. Porcine IgG had a sedimentation coefficient of 6.5 S which is consistent with the S20, value of 6.7 S reported by Porter and Allen (18) . As noted by others (7, 13) , at least two subclasses of IgG were observed in this study, IgG, and IgG2.
Identification of porcine IgM and porcine milk IgA was based, in part, on their cross-reactivity with anti-human IgM or IgA serum. The isolated porcine milk IgA had properties similar to those described by other investigators (3, 17, 19, 20) . The heterogeneity in the molecular size of IgA in milk and colostrum was indicated by its elution throughout the first peak and often in second peak fractions on Sephadex G-200 (Fig. 1, 5 ). The isolated porcine milk IgA had a sedimentation coefficient of 11.0 S which agrees well with the S20, value of 11.2 S reported for porcine colostral IgA by Richardson and Kelleher (20) . On sucrose density gradient ultracentrifugation, one preparation of milk IgA had a shoulder on the 11 S peak which had a sedimentation coefficient of 9.55 S. This is similar to the sedimentation coefficient of 9.3 S reported by Porter and Allen (18) for dimeric serum IgA which lacks the secretory component. Therefore, the 11.0 S IgA peak might represent dimeric IgA with secretory component and the 9.55 S shoulder could represent the presence of dimeric IgA lacking secretory component. While there are presently no reports in the literature describing the isolation of porcine secretory component, the possibility of its presence is further suggested by the observation that porcine milk and colostral IgA possessed additional antigenic determinants not present on serum IgA (Fig. 4) . Similar findings were reported by Bourne (5), but Richardson and Kelleher (20) found no unique antigenic determinants present on colostral IgA compared to serum IgA.
The results of the absorption studies (Table 1 ) using monospecific antisera indicate that in the milk and colostrum from sows infected either naturally or experimentally with live TGE virus, the TGE antibody is associated predominantly with the IgA class of immunoglobulin, although IgG TGE antibodies also were evident in colostrum. In the serum from such animals, the TGE antibody appears to be associated with (14) have demonstrated the highly localized nature of the secretory IgA antibody response in the intestinal tract. Local immunization of the colon with attenuated or inactivated poliovaccine produced a secretory IgA antibody response only in the immunized segment of the gut and not in the nasopharynx. However, in this study, the predominance of IgA TGE antibodies in colostrum and milk seems to be associated with an infection of the intestinal tract with-the virulent TGE virus. In other studies (1, 6) , to account for the extraintestinal IgA observed after oral administration of certain antigens, it was proposed that intestinal IgA immunocompetent cells, after being stimulated by the antigen, emigrate from the gut to colonize distant lymphoid tissues. Migration of sensitized IgA immunocompetent cells from the intestine to the mammary gland might be one explanation for the predominance of IgA TGE antibodies observed in the milk and colostrum of infected sows as was suggested in our previous studies (la, 2). An alternate explanation would be that orally administered live virus was carried by the circulation to the mammary gland where it stimulated local production of IgA TGE antibodies which were secreted into the colostrum and milk. However, the low antibody titers of the infected sow's serum (la) suggests that this is a less-plausible explanation.
Another explanation which has been proposed for the origin of antibodies in colostrum and milk is their transport from the serum. In the bovine, IgGj, the predominant immunoglobulin in colostrum and milk, appears to be selectively transported to the mammary gland from the serum (16) 
